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Repair of Infracardiac Total Anomalous Puhnonary 
Venous Return 
Pedro J. del Nido 
T otal anonmlons puhnonary venous return (TAPVR) occurs when the left atrium and primor- 
dial puhnonary vein bud fail to unite with the venous 
plexus that surrounds the lung buds at approximately 
the end of the first month of gestation. The connection 
between the puhnonary venous plexus and the splanch- 
hie venous ystem persists and usually becomes tile only 
route of venous drainage for tile lung after birth. 
In tile infracardiac type of TAPVR, the pulmonary 
veins join a single collector that courses directly 
dorsal to the left atrium, separated from the atr ium 
by the per icardium (Fig 1). The puhnonary venous 
collector continues inferiorly, penetrating the dia- 
phragm at the esophageal hiatus to join, most com- 
monly, the portal vein and right atr ium via the duc- 
tus vcnosus. Less commonly, the venous collector 
joins the inferior vena cava (IVC) or, rarely,  tile 
gastric vein. In most neonates, obstruction of puhno- 
nary venous return then occurs when the ductus 
venosus begins to close shortly after birth, and pul- 
monary venous return must pass through the hepatic 
parenehyma before entering tile right atrium. Be- 
cause tile pulmonary veins do not connect o the left 
atr ium, tile only inflow to tile left atr imn and ventri- 
cle must cross tl lrough tile foramen ovale. 
Frequently in TAPVR the size (volmne) of left atrium 
and ventricle are at tile lower limit of normal. The left 
atrium is particularly hypoplastic, because a significant 
part of what comprises the left atrial cavity ori~nates 
from tile fusion of the puhnonary vein trunk to tile. 
atrium. The left ventricle can also appear quite small, 
particularly when there is puhnonary hypertension 
from pulmonary venous obstruction, because tile inter- 
ventricular septum shifts posteriorly, decreasing the 
left ventricular end-diastolic volume. Because all of the 
inflow to tile left ventricle must cross the foramen 
ovale, tile snlall and poorly compliant left ventricle nmy 
not receive sufficient inflow to maintain normal sys- 
temic output. These infants frequently present with 
signs of puhnonary edema from venous obstruction, as 
well as low cardiac output with hypoperfnsion and 
metabolic acidosis. 
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SURGICAL TECHNIQUE 
The surgical approach is through a median sternot- 
omy. The lobes of the thymus can usually be sepa- 
rated in a neonate and rarely need to be excised. The 
pericardial incision is made slightly to the right of 
the midline with a large enough section of anterior 
pericardium left for use as a patch to close the 
interatrial communication. Once the pericardium 
has been opened, care must be taken to not manip- 
ulate the heart excessively, because ventricular fi- 
brillation can be easily induced. 
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2 See legend on opposite page. 
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2 Canntdation and dissection of pldmonary veins. Cardiopulmonary b pass is usually accomplished 
with an arterial cannula in the ascending aorta and a sin~e venous cannula inserted in the right atrial 
appendage. An #8 French flexible wire-reinforced arterial canmda is ideal for neonates, because the 
ascending aorta is usually small, and the canntda can be easily positioned away from the opcrating field. 
For the venous return, we prefer an anted  metal canmda inserted into the right atrial appendage, 
becausc it call also be directed hfferiorly away from the operating field. For infants older than three to 
four weeks or larger than 4 kg, we prefer to use two venous cannulae, to avoid the need for circldatory 
arrest. Direct caval cannulation can usually be accomplished with nfinimal distortion of the cavae. The 
eardioptflmonary b)q~ass circuit is prinmd with whole blood to reach an hematocrit of 25% to 30%. 
Additional components include mannitol, bicarbonate, and methylprednisolone 30 m~Jkg. Once b)]mss 
is initiated, rectal and tympanic temperature are monitored uring the cooling plmse wlfile the core 
temperature is hrou~lt down to 18~ usually over a 20- to 30-minute period with pII-stat blood gas 
management. ~ 
In this view, which is from the surgeon's perspective, the lateral pericardial reflection has becn 
incised to expose the superior and inferior vena cavac. The left atrinm can be seen posterior to the 
right atrium; thc pulmonary venous confluence lies directly behind tlm atrimn. The posterior 
pericardium is interposed between these two structures. Once cardiopuhnonary b pass is initiatcd, 
the right atrium can be retracted leftward and the pericardial reflection at the le~;cl of the inferior 
vena cava dissectcd free, extending the dissection to the superior cava. Opening the posterior 
pericardium exposes the pulmonary venous confluence, and the individual veins can be identified 
joining the confluence. Dissection of the pulnmnary venous connector and identification of all four 
puhnonary veins is necessary to confirm the diagnosis of infracardiac TAPVR and to rule out the 
possibility that one of the pulmonary veins drains to a different location. Rarely, one of the inferior 
veins (nsually the left lower lobe) can join the collector at or just below the level of the diaphragm. 
Dissection of the venous collector where it penetrates the diaphragan must bc done carefully to 
ensure that the division of this venous structure is done distal to all four puhnonary veins. To limit 
pulmonary congestion, an incision can be made in the center of the confuence to decompress the 
pulmonary veins during the cooling period. 
Once the patient's core temperature reaches 18~ the heart is arrested with cold blood 
cardiople~a nd the circulation is stoppcd, with all of the venous return drained to the bypass 
circuit. Manual inflation of the lungs at this point ensures adequate mptying of the pulmonary 
vascular bed and facilitates extension of the venotomy and idcntification of the puhnonary veins. 
The pulmonary venous collector can then be divided at the level of the diaphrag'm, with the distal 
end overse~aL The incision in the pulmonary venous collector is extended using the fnll length of 
the collector for the anastomosis tothe atrium. The atriotomy must be positioned carefully, because 
the left atrium is often very small, and if the atrial incision is not parallel to the incision in the 
venous collector, then torsion will occur once the heart is Idled, resulting in anastomotic obstruc- 
tion. Orientation of the left atrium is frequently aided by placing a small traction suture on the tip 
of the left atrial appendage. The atriotomy is then made parallel to the pulmonary venous incision, 
cxtcnding inferiorly to the level of the diaphra~-qnatic surface of the left atrium. Care should bc 
taken to leave enough left atrial free wall inferiorly to prevent injury to the coronary sinus. At this 
point, confirmation of the position of the atriotomy in the left atrium can be obtained via a right 
atriotomy, inspecting the left atrial free wall through the stretched foramen ovale. 
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3 Atriotomy and exposure of tile patent foramen ovale. A direct left atr ium-to-pulnlonary 
venous confluence anastomosis nsing a tine monofilament suture achieves direct drainage of the 
pulmonary venous return into the left atrium. Using the entire confluence also helps increase the 
volume of the left atrium. Some surgeons advocate xtending the pulmonary venous incision into 
each of the four pulmonary veins to further widen the anastomosis; however, this point remains 
controversial, and we prefer to avoid entering the individual pulmonary veins. For the anastomo- 
sis, we use a nonabsorbable polyl~ropylene (7-0) suture instead of absorbable myofilament material. 
Although in theory there may be an advantage to using an absorbable suture, no such advantage 
has been clearly demonstrated in practice. It is important o avoid gathering too much atrial tissue 
at the level of the anastomosis, because tiffs can narrow the anastomosis, resuhing in obstruction 
to puhnonary venous return. 
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L l  Closure of the patent foramen ovale. Once the left atr ium-to-pulmonary venous anastomosis 
is completed, a right atriotomy permits inspection of the anastomosis via the foramen ovale. 
Confirming awide connection to the left atrium with no distortion is important at this stage. Closure 
of the foramen ovale should be done with an ample patch of autologous pericardium. Tiffs serves 
to enlarge the left atrium and increase 1eft atrial volume. We prefer to use a patch of autologous 
pericardium, treated with glutaraldehyde (0.6%) to facilitate handling, for closure of the interatrial 
communication. Passive filling of the left atrium and ventricle is done at this time, to limit the 
amount of air in the left side of the heart. The right atriotomy is then closed and the venous cannula 
is reinserted to reestablish cardiopuhnonary b pass. Because of the left atr ium's mall size, a left 
atrial or left ventrieular vent is usually diffieuh to insert. Instead we resect he tip of the left atrial 
appendage and place a small purse string around the edges, to allow passive emI, tying of the 
bronchial blood return, and also allow the cardioplegia site to bleed when ejection is started, to 
prevent air emboli from traveling beyond the ascending aorta. The left atrial appendage site can 
then be used for insertion of a left atrial pressure monitoring line, which then can be exteriorized 
through a separate incision inferiorly. Alternatively, the left atrial line can be placed at the time the 
interatrial communication is closed l)efore restarting bypass and l,rought out either through the 
right atrium or directly through the left atrial wall laterally. During the rewarming phase, a 
puhnonary artery l)ressure line is also inserted usually through the right ventriEular inflm(libuhm~ 
to monitor puhnonary artery pressures early after bylmss is discontinued. 
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5 Repair of recurrent pulmonary vein stenosis. (A) Ill recurrent puhnonary vein stenosis, 
usually tile orifiee of the puhnonary veins is narrowed and the proximal puhnonary vein is dilated. 
Incising across the narrowed orifiee of each stenotie vein ~idens the venous connection. (B) To 
avoid plaeing suture material near the puhnonary veins, the left atrial wall is sutured to the 
pericardium around the unroofed lmlmonary vein ostium. Care must be taken to avoid injury to 
the right-sided phrenie nerve when incising the flap of pericardium ,and suturing,,, it to the atrial wall. 
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Postoperat ive  Management  
Mechanical ventilation should be,started before the 
patient is weaned from bypass to reexpand tile hmgs. In 
neonates with severe ollstrnction and pulnmnary 
edema, installation of surfactant into tile endotraclleal 
tube and positioning passively may llelp restore hlng 
surfactant activity. 2When weaning from bypass, care 
must be taken to not overfll tile ventricle. Becanse of 
tlle snmll ebamber size of the left-sided strnctures, tile 
compliance llaraeteristies are such tlmt small-vohlme 
iufilsions will produce large rises in left atrial and left 
ventricular diastolic pressure. The lffgll filling pres- 
sures can lead to subendocardial ischemia and trigger 
pulmonary arterial vasoconstriction, resuhing in su- 
prasystemie right ventrieular pressnres. Use of 100% 
inspired oxygen concentration, hyperventilation, and 
moderate to lligh doses of inotropie drugs may be nec- 
essary to nlaintaill adequate cardiac output. 
Severely elevated puhnonary arteriolar esistance is 
usually seen early after surgery. Tiffs gradually dhnin- 
ishes over tlle subsequent six to 12 hours but renlains very 
labile for one to two days after surgery. During tiffs 
period, mecllanical ventilation should be contiuued and 
tile stress response to sthmdi nfininfized tllrough contin- 
uous infnsions of sedatives and narcotics (eg, fentanyl). 
Arterial carbon dioxide partial pressure sllotdd be nmin- 
tained below 40 unn Hg and the hlspired oxygen concen- 
tration varied to nmintain llemoglobin oxygen saturations 
above 90%. During tiffs time, the indwelling puhnonary 
artery pressure monitoring line is extremely useful in 
assessing tile efficacy of therally and in deternffning wllen 
pnlmonary resistance llas fallen sufficiently to warrant 
weaning tbe patient from mechanical ventilation. 
In cases where lffgll doses of inotropic drugs are 
required early after bypass, these drugs usually can be 
weaned to substautially lower levels witlffn six to 12 
llours. If tiffs trend is not seen, tllen possible treatable 
causes should be furtller investigated. Here, two-di- 
ulensional echocardiography is extrenlely useful in con- 
junction with nlonitoring left atrial and puhnonary ar- 
tery pressures. If poor ventricular flmction is tile cause 
for the low cardiac output and tile anatomic repair 
appears to be adeqnate, tllen consideration for me- 
chanical circulatory support should be ~ven, because 
high-dose catecllolanffue therapy may lead to end-or- 
gan damage that further complicates recovery. 
If tlle ptthnonary vascular esistance renlains elevated 
and residual puhnonary venous obstruction lms been 
ruled out, hdlaled nitric oxide may be usefld. But require- 
lnent for tiffs intervention is uncommon i the absence of 
otller triggers for puhnonary hypertension, such as sepsis, 
lnetabolie acidosis, or severe left ventricular dysfilnction. 
Resuhs  
Overall, long-term resuhs for repair of infracardiac 
TAPVR are very good. 3 Despite tile frequeut presence of 
extreme llypoxia and nletabolic acidosis on presentation, 
operative mortality is low, and early COml~lications are 
uncolmnon. "t There is, llowever, a low but significant hl- 
eidcnce of recurrent obstruction of puhnonary venous 
return, oeeurrhlg mostly at tlle anastomotie site. Tile 
reported incidence varies from 1% to 18%, but most 
describe a 6% to 9% rate of recurrent puhnonary vein 
stenosis. 5 The cause of the anastomotic stenosis is unclear 
and does not seem to be associated witll any particular 
anatonfic subtype of TAPVR. Whetller tile suture nlate- 
rial used and tile extent of tlle venotomy incision into tile 
individual veins are causative factors remains controver- 
sial. Snr~cal approaclles to tiffs complication llave pro- 
dueed disappointing long-term results. Innovative tecll- 
niques such as the "in sitn pericardial repair" proposed 
by Laeour-Gayet 5 may provide an alternative to hmg 
transplantation .6 
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